Purpose: To analyze the diagnostic criteria used in the scientific literature published in the past 25 years for accommodative and nonstrabismic binocular dysfunctions and to explore if the epidemiological analysis of diagnostic validity has been used to propose which clinical criteria should be used for diagnostic purposes. Methods: We carried out a systematic review of papers on accommodative and non-strabic binocular disorders published from 1986 to 2012 analysing the MEDLINE, CINAHL, PsycINFO and FRANCIS databases. We admitted original articles about diagnosis of these anomalies in any population. We identified 839 articles and 12 studies were included. The quality of included articles was assessed using the QUADAS-2 tool. Results: The review shows a wide range of clinical signs and cut-off points between authors. Only 3 studies (regarding accommodative anomalies) assessed diagnostic accuracy of clinical signs. Their results suggest using the accommodative amplitude and monocular accommodative facility for diagnosing accommodative insufficiency and a high positive relative accommodation for accommodative excess. The remaining 9 articles did not analyze diagnostic accuracy, assessing a diagnosis with the criteria the authors considered. We also found differences between studies in the way of considering patients' symptomatology. 3 studies of 12 analyzed, performed a validation of a symptom survey used for convergence insufficiency. Conclusions: Scientific literature reveals differences between authors according to diagnostic criteria for accommodative and nonstrabismic binocular dysfunctions. Diagnostic accuracy studies show that there is only certain evidence for accommodative conditions. For binocular anomalies there is only evidence about a validated questionnaire for convergence insufficiency with no data of diagnostic accuracy. 
Introduction
Accommodative and nonstrabismic binocular anomalies are visual dysfunctions which can interfere with a subject's performance or impair one's ability to function efficiently at work. In fact, those persons who perform considerable amounts of close vision, such as reading or computer work, are more likely to develop symptoms and signs related to accommodative or vergence dysfunctions. 1 The most common classification to categorize vergence disorders was originally developed by Duane 2 for application to strabismus and was later extended to nonstrabismic binocular vision anomalies by Tait. 3 Other authors have included the need to regard vergence anomalies as syndromes of deterioration or have proposed classifications based on graphical analysis. 4 However, these categorizations have been descriptive which does not necessarily imply etiology and they only consider vergence mechanism in its unfused or open loop state 4 but, as other authors have shown, 5 these models do not estimate the contribution of proximal factor. For this reason, several authors state that predictions about binocular anomalies should be based on measurements under fusion conditions, 4 so that the classification of vergence anomalies should specify binocular status with fusion present.
In this sense, Wick 6 described a classification system for nonstrabismic binocular anomalies that represents an expansion of Duane's classification and is based on consideration of the distance phoria (tonic vergence) and the AC/A ratio. In this system, the possible diagnoses can be divided into three main categories of binocular vision problems based on the AC/A ratio. Low AC/A ratio anomalies refer to convergence insufficiency (CI) and divergence insufficiency (DI), normal AC/A ratio are basic exophoria, basic esophoria and fusional vergence dysfunction (FVD) and high AC/A ratio disorders include convergence excess (CE) and divergence excess (DE). According to accommodative anomalies, the classification used is originally from Donders 7 and has been popularized by several authors. 4,8---11 It includes the anomalies of accommodative insufficiency (AI), accommodative excess (AE) and accommodative infacility (AIN).
In general, accommodative and binocular dysfunctions tend to provoke difficulties related mainly to activities requiring close vision. Symptoms commonly associated with these anomalies may include blurred far or near vision, headaches, diplopia, difficulty in reading, loss of concentration, and in many cases, impossibility to maintain clear vision for a reasonable period of time.
12--- 15 Results of several accommodative and binocular tests, which may be altered, are named as the signs used for diagnosing these anomalies. 11 Although research has suggested that these dysfunctions are commonly found in clinical practice, 16---27 the scientific literature provides different clinical diagnostic criteria used for these conditions, sometimes with dissimilar diagnoses among authors. 4, 28, 29 A good example is observed for convergence insufficiency condition. Dwyer 4 uses a large exophoria of 12 in addition to the clinical signs of reduced positive fusional vergence (PFV), reduced vergence facility (VF) and a fixation disparity curve Type III with no allusion to the near point of convergence (NPC). Other authors 28 make the diagnosis of convergence insufficiency using the signs of a greater exophoria at near vision rather than distance (≥4 ), a failure of Sheard's criterion or a minimum normative PFV at near vision, and receded NPC.
The exact impact of these anomalies on quality of life is not known. Several studies have found some association between vergence disorders and attention deficit hyperactivity disorder 30, 31 and there is also some indication that convergence insufficiency can be related to reading problems. 32 In any case, considering their symptoms, it seems obvious that clinical recognition would be important to prevent unnecessary frustration among patients. In that sense, vision clinicians diagnose and treat a wide range of visual and ocular anomalies, including not only refractive problems, but also accommodative and binocular vision problems, among others. Treatment of patients with accommodative and binocular disorders is based on interpreting and analyzing the results of visual examination. Accordingly, it is important that accurate information about the diagnosis is available, as the treatment prescribed will depend on the diagnosis. For this reason it is essential not only for researchers but also for clinicians to know the diagnostic validity of the clinical criteria often used for these conditions.
Diagnostic validity (or diagnostic accuracy) of clinical diagnostic tests is usually examined by means of predictive values, sensitivity and specificity or analyzing the receiver operator curve (ROC). 33 A ROC curve shows how severe the trade-off is between sensitivity and specificity and can be used to help decide where the best cut-off point should be for a particular test. It shows the accuracy of a diagnostic test which can be described as the area under the ROC curve. In epidemiological terms the diagnostic validity represents the scientific evidence 33 about the way to diagnose these visual conditions. In relation to clinical practice, the term 'evidence' is used specifically to refer to sources of knowledge that are relevant to the practical solution for a clinical problem. 34 Such problems may be more general or specific. It should be a decision on which available treatment will provide the best outcome for a particular condition and patient. Or even they might be such as the choice of the best examination procedure to minimize risk of misdiagnosis or failure to detect a particular disease or condition. 34 In that sense, the strongest form of clinical evidence is a ''systematic review'' of a number of trials or studies addressing the one clinical question. 35 Suitable trials or studies are extracted from the literature by a well-designed search strategy. 34 A systematic review is then an overview of primary studies, which is conducted according to explicit and reproducible methodology which may contain a metaanalysis but not necessarily. 36 Therefore, the aim of this study is to analyze the diagnostic criteria used in the scientific literature for accommodative and nonstrabismic binocular dysfunctions by means of a systematic review of papers published in the past years about the diagnosis of these conditions. Specific aims are to explore which symptoms and clinical signs are used by different studies; to explore if an epidemiological analysis of diagnostic validity has been used in different studies related to the diagnosis of these conditions and to evaluate if authors utilize these results to recommend the clinical criteria to diagnose these anomalies or use other diagnostic criteria.
Methods
We carried out an exhaustive search on content published in four health-science databases from 1986 to January 25, 2012. The search was carried out using MEDLINE, CINAHL, Francis and PsycINFO databases. We decided to study this large time frame in order to avoid omission of possible relevant information on these anomalies.
The search strategy was based on the use of terms in free language related to these visual anomalies, searching in all fields of the databases. The search equation included Boolean operators, truncated symbols and wildcard characters which are specific signs used in information sciences and in databases selected. As we wanted to examine the anomalies of accommodative excess, accommodative insufficiency, accommodative infacility, convergence insufficiency, convergence excess, divergence excess, divergence insufficiency, basic esophoria, basic exophoria, fusional vergence dysfunction and hyperphoria, the search terms used were the following: The inclusion criteria were original articles whose purpose were to study the diagnosis of accommodative and nonstrabismic binocular dysfunctions. They could be descriptive studies or clinical studies with sample populations including all ages from children to adults. As the aim of this review was only related to diagnosis of these conditions and we wanted to know if the scientific literature published had analyzed the diagnostic validity of clinical criteria used, we excluded papers about the prevalence and treatment of these conditions. We also excluded studies not fundamentally concerned with the diagnosis of accommodative and nonstrabismic binocular disorders; publications related to the performance of optometric tests but not related to diagnosis of anomalies; expert guides or opinions; non-original articles and studies on strabismic binocular disorders or ocular pathologies.
Using the search terms, we found 839 articles. Following the inclusion and exclusion criteria, we initially selected 42 articles for exhaustive study and to confirm inclusion. Of the 797 articles we excluded 326 (40.9%) which mentioned but were not fundamentally related to diagnosis of these anomalies, 195 (24.5%) dealt with strabismic anomalies, 125 (15.7%) were concerned with ocular pathologies, 75 (9.4%) concerning treatment and prevalence of dysfunctions and 76 (9.5%) were studies about the assessment of several tests.
Of the 42 articles, 30 did not fulfill the inclusion criteria and were excluded from further analysis. The remaining included articles (n = 12) were analyzed. 4,28,29,37---45 As selected studies were not related to any intervention and were not homogeneous, no meta-analysis was performed. Accordingly, included articles were reviewed using a range of variables. We examined the methodological characteristics, showing the characteristics of the sample and exploring if studies had analyzed the diagnostic validity of the criteria used. We also examined and registered information regarding the clinical signs and the cut-off points taken into account for each anomaly. We also explored the results of each study, compiling data about their conclusions, biases and limitations. Finally, to examine the quality of included articles, we used the QUADAS-2 tool which is used to test the quality of studies about diagnostic accuracy included in systematic reviews 46 and recommended by the Cochrane Collaboration. 47 The QUADAS tool consists of 4 key domains that discuss: patient selection, index test, reference standard, and flow of patients through the study and timing of the index tests and reference standard (flow and timing). For each domain there are signaling questions which aid the reviewer to judge the risk of bias (high, low or unclear) and concern regarding applicability of each study. For the domain of patient selection is considered if the sample is consecutive or randomized. The index test consider if an index test result is interpreted without the knowledge of the results of the reference standard as the potential for bias is related to the subjectivity of interpreting index test and the order of testing. The domain of reference standard is considered to know if the reference standard, its conduct or its interpretation may have introduced bias. Thus the aim is to know if the reference standard is likely to correctly classify the target condition and if the reference standard results are interpreted without knowledge of the results of the index test. The last domain (flow and timing) is considered if there is an appropriate interval between the index test and reference standard, if all patients receive the same reference standard, and if all patients are included in the analysis. Finally, the QUADAS-2 tool includes also data of applicability so that the aim is to know if there are concerns that the included patients and setting, the index test, and the target condition defined by the reference standard match the review question. These QUADAS-2 results are suggested to be shown in a tabular presentation and with a graphical display. Table 1 contains the methodological characteristics of each of the studies reviewed. It shows the characteristics of the sample and study population, the type of dysfunction analyzed, the information about the validation of symptoms and if each study analyses the diagnostic validity of clinical signs.
Results
Of the twelve articles reviewed, five of them are prospective clinical studies which select patients and several optometric tests are carried out. 29, 37, 38, 41, 45 Two studies collect data retrospectively from the patients' optometric records 42, 44 and two reports make a descriptive analysis of the dysfunctions. 4, 43 On the other hand, three papers 28, 39, 40 also study the diagnosis, although their aim is to validate a symptom questionnaire related to these anomalies. According to the samples, most of the articles refer to clinical populations, 28,29,39---42,44 with two studies 37, 38 in which the population is collected from schools. Four studies 28, 37, 38, 40 deal with child populations and other six studies 29, 39, 41, 42, 44, 45 refer to adult populations.
According to the type of dysfunctions, CI is the most studied condition when considering binocular anomalies, with seven studies. 4 Regarding the validity of diagnostic criteria, three reports 28, 39, 40 perform a validation of the symptoms used for convergence insufficiency. There are also three studies 29, 38, 41 in which several epidemiological tools are used to test the diagnostic accuracy of clinical signs used for several conditions. Tables 2---4 show the diagnostic criteria used for convergence insufficiency, other binocular anomalies, and accommodative dysfunctions, respectively. They show both the clinical signs and the cut-off points used to diagnose these conditions by each author. The tables also include how the authors collected patients' symptoms. As we can observe the authors use more than one test to diagnose the anomalies, ranging from one to seven clinical signs for both binocular and accommodative dysfunctions. There are also differences in the cut-offs used to decide if a patient fails a test. Table 5 shows the conclusions obtained, biases and limitations identified in the papers. Several studies related to accommodative dysfunctions 29, 38, 41, 42 obtain specific conclusions, suggesting the use of several diagnostic tests. The conclusions obtained for binocular dysfunctions are more general and less focused on suggesting the use of particular tests. There is also a notable absence of validated symptom questionnaires used to diagnose the anomalies. As only 6 of 12 included studies show the diagnostic validity, QUADAS-2 results are only presented for them (Tables 6 and 7) . Furthermore, to better understand results of quality rating, the 6 studies analyzed by the QUADAS-2 tool were divided into two categories: those designed to assess the accuracy of clinical signs and those investigating the validation of a questionnaire for convergence insufficiency. These results are also presented in a graphical display, showing the proportion of studies with high, low or unclear risk of bias. Figs. 1 and 2 show the QUADAS-2 domain for articles related to clinical signs and those related to symptoms, respectively.
Discussion
The scientific literature targeting the field addressed in this review is extensive. The review reveals differences between authors according to diagnostic criteria used in the scientific literature for accommodative and nonstrabismic binocular dysfunctions. However, most of the publications consist of narrative overviews describing methods, techniques, symptoms, for the clinical evaluation of general binocular anomalies. In contrast, only a few studies were designed for assessing the accuracy of clinical tests and symptoms. Diagnostic accuracy studies show that there is only certain evidence for accommodative conditions. For binocular anomalies there is only evidence about a validated questionnaire for convergence insufficiency with no data of diagnostic accuracy about binocular anomalies so that the evidence of diagnostic criteria for binocular dysfunctions cannot be found within papers that have been published over the past years. In any case, we should consider that these arguments may only be applied within the framework of this study. The data supplied refers to the past 25 years and the articles analyzed have been published in scientific journals. Therefore, there may be data in earlier publications or publications not listed within the databases we used. Anyway the papers we reviewed were all in peer-reviewed journals.
According to binocular conditions, no study was found in which the authors assessed the diagnostic validity 33 of the clinical signs used. That is, no one used data of predictive values, sensitivity and specificity or assessed the ROC curve.
Although CI is one of the binocular anomalies most referred to, 4,28,37,39---41,44 in no case the authors validate the tests used by comparison against an established reference standard (gold standard). They reach their diagnoses on the basis of the criteria they consider patients should have, but fail to specify why certain clinical signs are taken into account and others are not. The same is true for the other binocular anomalies, although they are the subject of fewer studies. Thus, Marran et al., 37 adopt the classification system used by the Convergence Insufficiency Treatment Trial (CITT) Group 20, 22 for CI. It includes the signs of an exophoria at near vision greater than at far at least 4 , insufficient positive fusional vergence (PFV), and receded near point of convergence (NPC). This classification system, as the authors declare in their study, 20 is based on the signs most often associated with convergence insufficiency. However, there is no analysis of the validity of these signs to confirm the accuracy of them. The studies which deal with a validation of the convergence insufficiency symptom survey (CISS) 28, 39, 40 also use this classification of CI.
Similarly, in Daum 44 retrospective study the exodeviations are classified into three classes without an explanation of this classification. The study of García et al., 41 follows a diagnostic criteria based upon the authors particular consideration. Dwyer 4 study describes a diagnostic model for vergence accommodation disorders taking into account the convergence-accommodation interactions. The author suggests a system of nomenclature consistent with the concept of vergence-accommodation adaptability rather than visual axis deviation. Similarly, other authors 43 make a descriptive analysis about the characteristics and differential diagnosis of DI. They define this condition by referring to the signs according to different authors, but they do not validate the clinical signs.
As it can be observed, studies about binocular anomalies show that it is difficult to provide information on what current criteria should be considered reliable for clinician. The reason is that none of the studies reviewed analyses which clinical signs have the best diagnostic accuracy for each binocular dysfunction. For that reason, future studies related to binocular anomalies should address this issue, that is, the diagnostic validity of different clinical signs used for each anomaly. Knowing this evidence, clinicians could apply diagnostic criteria being aware of their decision for each individual case.
Considering accommodative conditions, there are only three of the seven studies which use diagnostic criteria based on epidemiological analysis. For this reason only these articles were assessed using the QUADAS-2 tool. Thus, in the study by Sterner et al., 38 the authors test with ROC analysis the discrimination ability of accommodative amplitude and relative accommodations for accommodative insufficiency (AI). ROC analysis illustrates that the amplitude of accommodation (AA) is a test that has potential discrimination ability for AI. The authors state that as they have found a relationship between AA and subjective symptoms, there is reasonable evidence to use reference values of AA. The choice with ROC analysis is 8 D for monocular and 11 D for binocular which implies that children with results below these limits have a high risk of symptoms. If either 8 D monocular or 11 D binocular are used as diagnostic criteria, to have a joint diagnosis of AI should be considered an AA below these values together with the presence of symptoms. In any case, the authors state that the choice of these values for AA is somewhat arbitrary and should be investigated by others.
The authors of Cacho et al., 29 analyze the condition of AI. They determine as the most sensitive tests of MEM retinoscopy, monocular and binocular accommodative facility (MAF, BAF) and positive and negative relative accommodation (PRA, NRA), together with AA, for classifying this condition. The authors recommend the use of MAF along with AA for their diagnosis based on sensitivity results. However, the authors do not assess the ROC analysis or predictive values to test the accuracy of these tests. Conclusions are related to sensitivity results which consider that failing the ±2.00 D monocular accommodative facility (with a value ≤3 cpm) seems to be the sign most associated with accommodative insufficiency. The risk of bias of this study is that the authors do not clarify the order of the tests, so that is unclear if the index test were interpreted without knowledge of the results of reference standard and conversely.
Similarly, García et al., 41 analyze different tests associated with accommodative excess (AE). They find that high values of PRA are related to disorders associated with AE. While their conclusions are based on sensitivity and specificity results, there is an important bias in this study since sensitivity and specificity values are obtained through the same tests previously used to diagnose the anomalies. That is, the reference standard results (the diagnosis of each condition) were interpreted with knowledge of the results of the index tests (each clinical test assessed), situation that could have introduced bias in the study.
The other four studies about accommodative anomalies do not analyze their diagnostic criteria using epidemiological analysis and thus there is no analysis of the diagnostic accuracy of diagnostic criteria used. Thus, Marran et al., 37 define AI referring to Daum 12 study as having an amplitude of accommodation at least 2 D below Hofstetter's age-based norms on the Donder's monocular push-up test. Dwyer 4 makes a classification for accommodative disorders based on optometric literature but without an explanation of the values of accommodative tests used for diagnosing anomalies. The reader of this study must make an effort to understand which signs need to be present to affirm a particular diagnosis. In addition, other authors as Chrousos et al., 45 report a series of ten healthy patients with AI making only an analysis of their vision findings.
These results show that there is certain evidence according to diagnostic criteria for accommodative anomalies. Although there are three studies 29, 38, 41 which test the diagnostic accuracy for clinical signs, QUADAS-2 tool results show that there are certain shortcomings in the design, conduct and reporting of these studies. Good results are shown about the population and flow and timing items. Patients were consecutively chosen in two studies 29, 41 since the other analyzed invited population. All studies have no risk of bias when considering the item of flow and timing, as all patients received the index test and reference standard, all were included in the analysis and there were a good time interval between index tests and reference standard. However, there is a high risk of bias when considering reference standard and index test. Thus, only one study 38 interprets reference standard without knowledge of the results of the index test. According to index test, none of the studies interpret the index test without the knowledge of reference standard.
However, these studies have good applicability when considering patients who would benefit of these considerations.
With this quality analysis we should only state that there is certain evidence to use the amplitude of accommodation and monocular accommodative facility for diagnosing accommodative insufficiency. Similarly, for accommodative excess there is certain evidence, although with a risk of bias, that a high positive relative accommodation should be used as a clinical diagnostic sign.
According to the role played by patients' symptomatology, the review shows that all the studies consider the presence of symptoms essential to diagnose anomalies. However, there are differences in the way of asking about symptoms as well as to calibrate their severity. Several studies manage symptoms according to the authors' criteria. Some authors simply refer to symptoms or asthenopia in general. 4, 29, 41, 45 Other studies use small patient symptom questionnaires, 38 and others simply compile or present the symptoms described by the patients.
42---44 However, there are four studies which refer to the use of a validated symptom questionnaire. 28, 37, 39, 40 Particularly, three of them are studies whose purpose is to validate a questionnaire of symptoms. Rouse et al., 39 perform a ROC analysis to test the ability of CISS V-15 to discriminate between patients with convergence insufficiency and those with normal binocular vision. Borsting et al., 40 use the sensitivity and specificity analysis to test the CISS score, and Borsting et al., 28 use the sensitivity and specificity analysis and Odds ratio to test the CIRS score. All of these three studies 28, 39, 40 conclude that the CISS is a valid and reliable instrument for evaluating symptoms in adults and children with CI. The appropriate epidemiological methods applied establish that there is a validated symptom questionnaire for convergence insufficiency. However, the lack of specific questionnaires for the other accommodative and binocular anomalies makes difficult the task of calibrating the severity of their symptoms which may be useful for diagnostic purposes.
QUADAS-2 results for articles in which a validation of a questionnaire for convergence insufficiency has been studied also show certain quality rating. For articles related to symptoms 28, 39, 40 , we can observer that there is a risk of bias when considering index test and patient selection. This is because all three studies interpret the index text (the questionnaire) with knowledge of the results of the reference standard (diagnosis of convergence insufficiency) and furthermore because in any case patients of these three studies were consecutive or randomized. These results imply that in general there is certain concern regarding applicability related to patient selection. These results also suggest that there is certain evidence according to a validated questionnaire for convergence insufficiency that should be used when considering patients' symptomatology for this condition.
In addition to the lack of diagnostic validity, the review also reveals the coincidences and differences according to the clinical signs and the cut-off used by each author.
As we can observe, to diagnose CI all the authors 4,28,37,39---41,44 agree to consider the exophoria at near vision. The other clinical tests most commonly used are the PFV and the NPC. For the other binocular dysfunctions, the tests most frequently mentioned are the phoria measurement, the fusional vergences for CE and DI, and the AC/A ratio for CE and DI. However, the other binocular tests are used less frequently. We can deduce that the authors consider the phoria measurement necessary to diagnose a binocular anomaly, and the tests classified as monocular and binocular at the same time, such as BAF, MEM dynamic retinoscopy and PRA and NRA, are not so required.
Similarly, for AI, all the authors 4, 29, 37, 38, 41, 45 use the low amplitude of accommodation (AA) to diagnose it. The other clinical tests commonly used are MEM retinoscopy, BAF and PRA. 4, 29, 41 However, only two authors 29, 41 mention the monocular accommodative facility (MAF) which is an exclusively accommodative test. The same occurs with AE in which the MEM retinoscopy is the most frequently used clinical sign 4, 41, 42 but the MAF testing is not as commonly used as it should be expected for an accommodative dysfunction, with only one study in which this test is used. 41 These results highlight the need to investigate the role of accommodative tests made under binocular conditions to diagnose accommodative anomalies, as well as to establish whether they should be used more or less frequently than exclusively monocular tests.
According to the cut-offs, this review also shows the lack of uniformity in the cut-off points used to decide if a patient fails a particular test. The most significant examples are for CI and AI. In the case of CI there are four different cutoff points used for exophoria at near vision, ranging from 5 28,37,39,40 to 16 . 44 Thus, some studies use the cut-off of having a greater exophoria at near than distance of ≥4 . 28, 37, 39, 40 Others consider an exophoria at near >6 . 41 One study 4 uses the cut-off of 12 and the other author 44 classifies CI based upon the angle of deviation at far. If at far is ≤5 of exophoria, it must be at near at least 4 more exo. If the angle of deviation at far is ≥6 of exophoria, it must be at near at least 10 more exo. These differences also occur for NPC, considering a receded NPC with values of ≥6 cm, 37,39,40 ≥7.5 cm 28 and >10/17.5 cm for break and recovery. 41 The same happens with the low AA used for diagnosing AI. Some authors consider that the patient must have an AA 2 D below Hofstetter's minimum age formula 15 ---0.25 × age. 29, 37, 41 Others consider having 3 D below the Hofstetter's minimum age formula. 4 There is one study in which the authors use a monocular AA < 8 D and <10 D for binocular AA. 38 And there are other authors who consider that it is necessary to have an AA below the normal for the patient's age, but do not specify which value. 45 Obviously, discrepancies about the clinical signs and their cut-offs may cause the same patient to be diagnosed with a particular anomaly or not, depending on the criteria applied.
Another important issue observed in this review is related to the limitation of the type of population used in the studies. Seven reports reveiwed 28,29,39---42,44 examine sample populations obtained from optometric clinics or centers. As these populations are selected and not randomized they do not represent the general population. Furthermore, only two studies 37, 38 analyze school populations, which are considered less biased. It should be taken into account that the population studied at school is very similar to the general child population. Accordingly, the conclusions reached for each study can only be applied in the context of these populations and should not be extrapolated to the general population.
Conclusions
In summary, this review reveals that although the authors apply a wide range of diagnostic criteria, there is a lack of uniformity for the type and number of clinical signs used for each dysfunction as well as for the cut-off used.
There is certain evidence to use the amplitude of accommodation and monocular accommodative facility for diagnosing accommodative insufficiency and a high positive relative accommodation for accommodative excess. However, there is a lack of studies which have evaluated the diagnostic accuracy of clinical signs used for binocular anomalies so that the evidence about the diagnostic clinical signs cannot be found within papers that have been published over the last years. This implies that currently used clinical diagnostic criteria should assess diagnostic validity.
The review also shows that there is evidence according to a validated symptom questionnaire for convergence insufficiency with a lack of specific questionnaires to calibrate the severity of symptoms for the other accommodative and nonstrabismic binocular anomalies.
Further research should be carried out on accommodative and binocular dysfunctions, with properly designed studies, with good epidemiological analysis to validate the criteria necessary for the accurate diagnosis of general binocular disorders. It should be necessary not only for professionals, as they will be sure of a particular diagnosis, but also for patients as they will benefit from receiving the best treatment option.
